This study investigated the effect of Amodiaquine hydrochloride (AQ.HCl) administered by gavage on the oestrous cycle, ovarian morphology and on the antioxidant status of superoxide dismutase (SOD) and catalase (CAT) in the ovary of 15 regular cyclic Sprague-Dawley rats. The experiment was divided into 3 groups as follows: group I-received 6 mg/kg bw AQ.HCl for 28 day; group II-received 12 mg/kg bw of AQ.HCl for 28 days; and group III-received distilled water and served as control. The animals were autopsied on the 28 th day by cervical dislocation. Result showed that the mean length of the oestrous cycle was prolonged in all the AQ.HCl treated rats when compared to the control. The increase in mean cycle length was statistically significant (p < 0.05) in the group that received 12 mg/kg bw of AQ.HCl. Histological sections of the ovaries of the rats treated with AQ.HCl revealed that the most remarkable change was widespread follicular atresia when compared to the control. The study revealed a reduction in the antioxidant status of SOD and CAT in the ovary. This reduction in anti-oxidant status was statistically significant (p < 0.05) for CAT. The result of this study showed that AQ.HCl is deleterious to the ovary by prolonging the length of the oestrous cycle, producing widespread follicular atresia and depletion of the enzymatic antioxidant status of SOD and CAT and consequently resulting in a state of oxidative stress in the ovary.
INTRODUCTION
Amodiaquine (AQ) belongs to a class of drugs known as the 4-aminoquinoline compounds. The synthesis of this drug was first reported at the meeting of the American Chemical Society in 1946 and is in wide use mainly as an antimalarial drug (Neftel et al., 1986; Misra et al., 1995; Olliaro and Taylor, 2004) . In Africa, AQ is significantly more effective than chloroquine in parasite clearance, and a faster clinical recovery (Olliaro and Taylor, 2004; Schellenberg and Menendez) . It is also more effective even in areas of high chloroquine resistance (Olliaro et al., 1996; Brasseur et al., 1999) . Following reports of serious adverse effects (Neftel et al., 1986; Markham et al., 2007) associated with the use of AQ as a chemoprophylaxis, the use of this drug declined abruptly in 1986 and was eventually removed from the Essential Drug List in 1990 (Anon, 1990) . Subsequent re-evaluation led to appreciation that the risk of toxicity associated with short-term AQ treatment appeared to be lower than that associated with AQ chemoprophylaxis (Olliaro et al., 1996) . AQ is now making a come-back and is now in the spotlight as a partner drug in the World Health Organization (WHO) recommended Artemisinin Based Combination Therapies (WHO, 2001) . In malaria-endemic parts of the World, the frequency of malaria attacks can be several in a year and self medication with antimalarial drugs is common (Perret and Ngomo 1993; Minzi et al., 2003) . In countries where AQ is the first-line drug whether alone as a single regimen or in combinations, the issue of toxicity with repeated treatments following several malaria attacks may arise.
AQ is also used in the treatment of chronic disorders such as lupus erythematosus, rheumatoid arthritis and lepra reactions (Bepler et al.,1959; Pomeroy et al., 1959) . A number of investigators have attempted to study the effect of AQ on pregnancy and pregnancy outcomes (Steketee et al., 1987; Kone et al., 2002; Thomas et al., 2004) .
However, there remains a dearth of literature on the long-term effect of AQ administration on the histology and enzymatic anti-oxidant activities of CAT and SOD in the ovary of the non-pregnant female.
MATERIALS AND METHODS

Animals:
A total of fifteen regular 4-day cycling female rats of Sprague-Dawley strain weighing between 120-180 g, procured from the Nigerian Institute of Medical Research (NIMR) Yaba, Lagos, Nigeria were used for this study. The animals were housed in the department of Anatomy, Faculty of Basic Medical Sciences, College of Medicine, University of Lagos. They had access to food and water ad libitum. They were maintained at 25 ± 3°C with photoperiodicity of 12: 12 light:darkness. The animals were weighed and randomly divided into 5 per cage. All animals were observed for clinical signs of drug toxicity throughout the duration of the experiment. Experiments were carried out in accordance with the guidelines of the committee on use of laboratory animals and the departmental ethical committee.
Amodiaquine: Pure AQ.HCl a product of Rhone Poulenc™ France was constituted into a solution by the addition of distilled water. We chose to administer AQ at the doses of 6 mg and12 mg/kg bw based on the body weight of the rats by extrapolating from the recommended therapeutic human dose. AQ was administered orally by gavage.
Determination of the oestrous cycle:
Oestrous cyclicity was determined between 8 a.m. and 10a.m. using the vaginal smear method. Vaginal secretion was collected with a plastic pipette filled with 10 µL of normal saline (NaCl 0.9%). The vagina was flushed two or three times with the pipette and the vaginal fluid was placed on a glass slide. A different slide was used for each animal. The unstained secretion was observed under a light microscope.
After confirming regular 4-day cyclicity for 2 weeks, the animals were selected for this study. The effect of AQ.HCl on the oestrous cycle was monitored for 28days (Gasco et al., 2008) .
Tissue processing for light microscopy: At the end of the 28 th day treatment period, the animals were sacrificed by cervical dislocation. The ovaries were accessed and removed following a ventral laparectomy, trimmed of fat and fixed in 10% formol saline. The fixed tissues were dehydrated in increasing concentrations of ethanol and thereafter embedded in paraffin wax. Serial sections of 7 µm thick were made. These were stained with haematoxylin and eosin in the routine H&E preparation.
Preparation of tissues for biochemical analysis:
The ovarian tissues were kept frozen at -80 o C until the day of assay. The tissues were homogenized in saline (1:10, w/v) on ice, and the homogenates were centrifuged at 10,000g for 15 min at 4 o C. After centrifugation, the clear supernatants were removed and used for CAT and SOD activities.
Tissue SOD activity: SOD was assayed using a modification of the technique of Kakkar et al., (1984) . A single unit of enzyme was expressed as 50% inhibition of Nitroblue tetrazolium (NBT) reduction/min/mg/protein.
Tissue CAT activity: CAT was assayed colorimetrically at 620nm and expressed as µmoles of H 2 O 2 Consumed/min/mg/protein as described by Sinha (1972) . The reaction mixture 1.5 ml contained 1.0 ml 0f 0.01 M pH 7.0 phosphate buffer, 0.1 ml of ovary homogenate and 0.4 ml of 2 M H 2 O 2. The reaction was stopped by the addition of 2.0 ml of dichromate-acetic acid reagent 5% potassium dichromate and glacial acetic acid was mixed in 1:3 ratios.
Statistical analysis:
Results were expressed as mean ± standard deviation (Mean ± SD) and subjected to statistical analysis using analysis of variance (ANOVA) followed by Bonferroni's post-hoc test. Statistical significance was considered at p < 0.05 or 5%.
RESULTS
The result displayed in table 1 showed that the mean cycle length of the oestrous cycle was prolonged in the groups that received AQ.HCl at 6 mg and 12 mg/kg bw when compared with the control. This increase in mean cycle length was statistically significant (p < 0.05) at both doses. The ovarian sections of the rats administered 6 mg/kg bw AQ.HCl alone orally for 28 days when compared to the control showed increased number of atretic follicles characterized by degenerated oocytes and zona pellucida, disintegrated granulosa cell layers and also a distortion/destruction of the basement membrane separating the theca cells from the granulosa cell layers ( 
Effect of AQ on SOD and CAT activities in the ovary:
The result obtained from this study revealed that the administration of AQ.HCl at 6 mg/kg bw and 12 mg/k g bw doses caused a reduction in the activities of SOD and CAT in the ovary of SpragueDawley rats when compared to the control. The reduction in the activity of CAT was statistically significant (p < 0.05) at both doses (Table 3) . 
DISCUSSION
Rats typically have rapid cycle times of 4 to 5 days and the events of the cycle are strongly influenced by photo-periodicity (Freeman, 1994) .
Compared to the control, the length of the oestrous cycle increased significantly (p < 0.05) in the AQtreated groups. Nevertheless, the mean cycle length of 5.04 days recorded in the group that received 6 mg/kg bw of AQ.HCl is in concert with the study of Long and Evans (1922) , Astwood (1939) and Blandau et al. (1941) who recorded a mean cycle length of 5.4, 4.5 and 4.4 days respectively. The group that received the high dose (12 mg/kg bw of AQ.HCl) recorded a mean cycle length of 6.06 days demonstrating that the animals had a longer mean cycle length at 12 mg/k g bw than at 6 mg/kg bw.
However this difference in mean cycle length experienced in the two dosage treatments was not statistically significant. The effect of AQ.HCl on the length of the oestrous cycle observed in this study occurred as a result of the animals spending longer days in the diestrus phase (prolonged diestrus phase). The result of this study is in concert with the findings of Okanlawon and Ashiru (1992) . In their study to determine the effects of chloroquine (CQ) on the oestrus cycle in 4-day cyclic Sprague-Dawley rats, the authors administered 40 mg/kg bw CQ phosphate intraperitoneally once a day five days in a week. The result of their study demonstrated that the administration of CQ altered the oestrus cycle through a persistent diestrus smear. The similarity in our findings may possibly be due to the similarity in the structure of chloroquine and AQ.
It has been reported previously that progesterone secretion remains higher during diestrus in the 5-day cyclic rat than in the 4-day (Nequin et al., 1979) . These researchers suggest that the 5-day cycle is due to the prolonged progesterone secretion from a new crop of corpora lutea during diestrus. The LHindependent luteal secretion of progesterone during diestrus phase begins to rise in the afternoon of metestrus, reaches peak values by early morning of diestrus, and falls to basal levels shortly thereafter (Smith et al., 1975) . It is well established that the progesterone secreted during diestrus intensifies the negative feedback of estradiol on basal LH secretion and that when these levels of progesterone fall at luteal regression, the secretion of estradiol and LH rises and ovulation occurs within the following 6-8 h (Beattie and Corbin, 1975; Smith et al., 1975; Taya et al., 1981; Kaneko et al., 1986) . Therefore the action of gonadotropins on estrogens secretion is not a process triggered immediately in an all-or-none fashion. Instead, gonadotropins must continue to act for some time for ovarian estrogen secretion to increase. The prolongation of luteal progesterone secretion in an oestrous cycle suppresses pituitary gonadotropin secretion. Rather than blocking the estrogen triggering of ovulatory LH surge, directly, it delays the estrogen secretion itself, which decreases the threshold of the neural and/or hypophyseal structures for ovulatory LH release. In this study progesterone level was not determined so it cannot be substantiated at this stage whether the persistent diestrus observed in this study was as a result of prolonged progesterone levels.
The sections demonstrated ovarian follicles in various stages of development with normal appearance in the ovarian cortex. A follicle is considered to be undergoing atresia/regression whenever the following structural changes occur: two or more pyknotic granulosa cells are found in a single section, hypertrophy of theca cells, denuded oocyte and zona pellucida or thinning of cumulus oophorus and destruction of basal lamina (Osman, 1985; Azarnia et al., 2004; Koc et al., 2009) . The histopathological examination of ovaries of animals treated with AQ.HCl for 28 days revealed that the most remarkable change was widespread ovarian follicle atresia in comparison to the control group. The atretic follicles were characterized by degenerated oocytes and zona pellucida, disintegrated granulosa cells and a distortion/destruction of the basement membrane separating the theca cells from the granulosa cell layer (Osman, 1985; Azarnia et al., 2004; Koc et al., 2009) . The result of this study is in concert with previous investigators who reported increase in the number of atretic follicles when Lead and Artemesia annua was administered to mouse and rat ovaries respectively (Roth and Hansen, 2004; Jancar et al., 2007; Ajah and Eteng, 2010) . This study suggests that AQ may have inhibited the maturation process of the follicles.
Granulosa cells are essential in the normal follicular maturation process since they produce steroidal hormones and growth factors and also they play a crucial role in follicular atresia. Apoptosis of granolusa cells seems to have a negative effect on follicular maturation. A higher incidence of apoptotic granulosa cell has been associated with fewer oocytes retrieved and poorer quality of oocytes and embryos (Jancar et al., 2007) .
Various pathological stimuli such as oxidative stress (OS) can initiate apoptosis in mammalian oocytes (Roth and Hansen, 2004) . Intra-cellular accumulation of reactive oxygen species (ROS), can damage cells by causing nucleic acid strand breaks, lipid peroxidation, protein degradation and ultimately, cell death (Yu, 1994) . It has been suggested that steroidogenically active cells such as granulosa cells of antral follicles, require high levels of energy production and thus generate large amounts of ROS (Rapoport et al., 1999) . Therefore it is possible that OS is involved in the mechanisms that trigger apoptosis in healthy steroidogenic antral follicles (Jancar et al., 2007) .
Some evidence based histopathological changes of oxidative stress have been observed and characterized in the ovary. They include vascular congestion, atretic follicles, haemorrhage, edema and inflammatory cells infiltration (Coskun, et al., 2007; Guven et al., 2008; Halici et al., 2008) . In this study, although not all the classical features of oxidativestress induced histopathological changes were observed however, it cannot be completely excluded that the ovary may be under some form of oxidative stress. Therefore, it can be deduced from this study that chronic administration of AQ.HCl produces deleterious effect in the ovary by increasing follicular atresia.
All forms of aerobic life face the threat of oxidation from molecular oxygen (O 2 ). Conceivably to cope with various ROS, different classes of enzymatic and nonenzymatic antioxidants have evolved. Antioxidants function by preventing the accumulation of toxic levels of oxygen-derived free radicals, which can damage the cells by modifying proteins, lipids, and DNA. An imbalance between free radical prooxidants and anti-oxidants has important implications for both physiological and pathological processes in the reproductive tract (Agarwal et al., 2005) . The enzyme SOD catalyses dismutation of superoxide radical, leading to formation of hydrogen peroxide, which in turn is detoxified by the enzyme catalase (Rzeuski et al., 1998) . In this study we observed a decrease in the anti-oxidant status of SOD and CAT in all the AQ-treated animals. This decrease was statistically significant (p < 0.05) for CAT activities. The decreased activities of SOD and CAT in our study are concomitant with the studies of Das et al. (2001) and Rao et al. (2009) who have documented reduced activity of these enzymes in the hepatic tissue and in the mouse ovary respectively, in support of our results. Therefore a reduction in cellular enzymatic activities of SOD and CAT is clearly indicative of oxidative stress.
CONCLUSION
The result of this study demonstrates that AQ.HCl causes increased production of reactive oxygen species and consequently leads to a state of oxidative stress in the ovary. This is expressed histologically by widespread increase in follicular atresia, and biochemically by reduction in enzymatic anti-oxidant status of SOD and CAT in the ovary.
